Abstract -The molecular mobility of copoly(methacrylates) with chromophore-containing side groups of various structures has been studied by the dielectric method. The region of relaxation of dipole polarization related to the segmental mobility ( α process) has been discovered. At temperatures that are ~30°C higher than those corresponding to the α process, the relaxation transition reflecting the reorientation of chromophore-containing side groups ( δ process) takes place. It is suggested that the occurrence of the δ process is a general phenomenon for such systems. This effect allows one to determine the temperature at which the polarization of polymer films under application of corona discharge should be carried out so that a high level of nonlinear optical properties associated with the macroscopic noncentrosymmetrical orientation of chromophores may be achieved.
INTRODUCTION
Currently, considerable attention has been given to the synthesis and study of the optical properties of polymers containing covalently attached chromophores [1] [2] [3] . Such systems show promise for micro-and optoelectonics, high-speed computers, and communication facilities. The presence of chromophore-containing fragments in main and/or side chains imparts nonlinear optical properties to the test materials, among which the ability to generate second and third harmonics have been studied most comprehensively. Sometimes, the coefficients of second-harmonic generation achieved for polymer chromophore-containing systems may be comparable with those for typical inorganic crystals with nonlinear optical properties under the condition that the macroscopic noncentrosymmetrical orientation of chromophore groups in polymer films is provided [1] . The advantages of polymers with nonlinear optical properties are their rather low cost, the feasibility of obtaining thin films with good mechanical characteristics, and practically unlimited possibilities for the synthesis of various chemical structures.
At present, a large number of polymers based on methacrylate-styrene copolymers containing side chromophore fragments of various structures and degrees of chromophore substitution have been synthesized and the nonlinear properties of these copolymers have been varied in a wide range [4] [5] [6] [7] . At the same time, no data is available on the synthesis of polymers with certain nonlinear optical properties. Moreover, there are no criteria that could allow one to understand how the chemical structure of copolymers affects the efficiency of the generation of the second harmonic.
It is obvious that the incorporation of chromophorecontaining groups is the necessary condition for a material to exhibit nonlinear optical properties. Moreover, the macroscopic ordering of chromophores should be provided. This situation may be achieved via both dispersion interactions between chromophores (self-organization of chromophores) and the polarization of polymers under application of a high-strength direct electric field (e.g., corona discharge).
It should be noted that the orientation of chromophore groups in strong electric fields or their selforganization may result only from their molecular organization process. In the former case, the orientation of chromophore groups is initiated through their interaction with external fields; in the latter case, as a result of thermal motion of kinetic units. This implies that there should be a correlation between the molecular mobility of chromophore-containing fragments and the manifestation of nonlinear optical properties.
Molecular Mobility in Comb-Shaped Copoly(methacrylates) with Fluoromethylene and Chromophore-Containing Side Chains
The dielectric method, or the method of dielectric spectroscopy, is an up-to-date physicochemical method that allows one to study processes related to the molecular mobility in polymer samples placed in an external alternating electric field with frequency f . This method makes it possible to collect data concerning the molecular mobility of a macromolecule as a whole, mainchain segments, and bulky side substituents. These studies involve measurements of the temperature and frequency dependences of the dielectric loss factor ε '' that arises from the thermal orientation of polar kinetic units; as a consequence, the projection of the dipole moment on the direction of the measuring electric field changes.
The identification of the dielectric spectrum is based on a successive change in an element of the chemical structure of the monomer unit and a comparison of the dielectric behavior of systems having similar chemical structures [8] [9] [10] [11] [12] . This approach provides a way for the identification of relaxation processes and to relate them to the mobility of certain kinetic units incorporating polar groups.
In this study, we investigated random copolymers CP-1-CP-4 with chromophore-containing methacrylic monomer units based on poly(octafluoroamyl methacrylate) P-1 as follows:
where n : m = 20 : 80 (CP-1) and 50 : 50 (CP-2, CP-3, and CP-4).
These copolymers contain long side chains of two types attached to the main poly(methacrylate) chains, namely, rigid chromophore-containing fragments of various structures and flexible groups -ëç 2 -(ë F 2 ) 4 -H. For CP-1 and CP-2-CP-4, the degree of substitution of chromophore groups in P-1 was 20 and 50%, respectively.
For the dielectric study of molecular mobility, it is essential that chromophore-containing side chains in CP-1-CP-4 contain several polar groups; therefore, their reorientation should be dielectrically active. Furthermore, the dielectric behavior of poly(methacrylates) of various structures has been studied in detail [13] [14] [15] .
In terms of their architecture, CP-1-CP-4 copolymers may be treated as comb-shaped LC polymers containing mesogenic groups in side chains. The matter is that the chemical structures of side functional chromophore and mesogenic groups are similar. The dielectric behavior of comb-shaped LC polymers, in particular with main-chain poly(methacrylate) groups, has been investigated in length [10, [16] [17] [18] .
The dielectric measurements of comb-shaped LC poly(methacrylates) showed that mesogenic groups are involved in two forms of motion. These are, firstly, the local mobility at low temperatures related to the reorientation of mesogen-containing fragments relative to the long axis ( β process) and secondly, the cooperative mobility at temperatures above the glass transition temperature. The latter is attributed to the reorientation of mesogenic groups around a short axis ( δ process) [8, 9, [15] [16] [17] [18] [19] [20] [21] [22] [23] . By analogy with comb-shaped LC polymers, it is suggested that chromophore groups will be also involved in two forms of molecular mobility. 
